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Summary
The article presents the analysis results of the grass pol­
len seasons from 1997 to 2006 in Sosnowiec. The research was 
carried out by means of the volumetric method with the use of 
a Burkard device. The duration of the pollen seasons was deter­
mined by means of the 98% method. The influence of meteoro­
logical conditions on the starting date and duration of the grass 
pollen seasons has been estimated in the article. The beginning of 
the pollen seasons was recorded between 23 April and 23 May. 
It has been demonstrated that the average duration of the pollen 
season amounted to 138 days. The period of maximum concentra­
tions was recorded in June and the first half of July. The highest 
daily concentration was found in 2000 (495 grains in m3) and 
the highest annual sums in 2002 and 2000. The daily concentra­
tion distribution curve has shown three peaks. The highest values 
were recorded from 7 am until 11 am, from 13 pm until 17 pm and 
from 19 pm until 21 pm. It has been found that there is a signifi­
cant influence of weather conditions (temperature, precipitation 
and relative humidity) on the beginning and duration of the pollen 
seasons and the period of maximum concentrations.
Key words: grass pollen, pollen season, pollen concentration, me­
teorological factors, Sosnowiec
INTRODUCTION
Grasses are a natural component of flora. They 
grow almost everywhere: in forests, on meadows, sand 
dunes, steppes, in deserts, in the mountains, in lowlands 
in different climate zones. They are perennial or annual, 
wind-pollinated, herbaceous plants. Approximately 160 
species of grasses can be found in Poland. Cultivated 
grasses, mainly corn, also belong to the grass family. 
Grass flowering biology is characterized by great di­
versity both between species and within one species. 
The duration of flowering depends on the diversity of 
this population and weather conditions. Particular spe­
cies flower during the time of the day which is specific 
to them and in specific thermal and humidity conditions 
(B o c h n i a r z, 1960; R u t k o w s k a, 1970). The 
pollination season is long - it lasts from May to the end 
of September - because of a great number of grass spe­
cies.
Grass pollen allergens are responsible for the 
most frequent causes of pollinosis in many European 
countries (S p i e k s m a, 1989; B e r g e r, 2003). In Eu­
rope, an allergy to grass pollen is found more often than 
to the pollen of other plants. It is also the main cause of 
pollinosis in Poland (L i g q zi n ski and R apie jko, 
1994; S p i e w a k, 2001). Over 90% of the population 
suffers during grass flowering (O b t u 1 o w i c z et al. 
1990). Disease symptoms caused by grass pollen aller­
gens develop in some patients when a concentration va­
lue in a cubic metre of air exceeds 20 grains in m3, and 
in all of them when they are exposed to a concentration 
of over 50 grains in m3 (R a p i e j k o et al. 2004a). 
These values are treated as medium and high, but very 
high concentrations when they exceed 100 grains in m-3 
of air (R a p i e j k o, 2003).
The results of the ten-year research on grass pol­
len in Sosnowiec are presented in the article. When ana­
lysing them, particular attention was paid to the varia­
bility in pollen concentrations during grass vegetation 
and to the course of the pollen seasons depending on 
weather conditions in the years discussed.
MATERIALS AND METHODS
The aeropalynological study in Sosnowiec was 
carried out from 1997 to 2006 by means of the volume­
tric method with the use of a Burkard device. A trap site 
is located at a height of 20 metres on the University of 
Silesia premises in the district characterized by disper­
sed blocks of flats, near allotments at the junction of two 
arteries. The duration of the grass pollen seasons was 
determined by means of the 98% method (E m berlin 
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et al. 1993). Data from the Meteorological Observatory 
and the Environment Dynamics Laboratory in the Fa­
culty of Earth Sciences at the University of Silesia were 
used to determine the relationships between the pollen 
seasons and meteorological conditions - average, mi­
nimum and maximum temperature of air, relative hu­
midity and rainfall. The degree of correlation between 
meteorological parameters and grass concentrations was 
described by the Pearson's correlation.
RESULTS
Considerable variability in the course of the grass 
pollen seasons regarding the beginning and duration of 
the pollen season, maximum concentration values and 
the period of their occurrence was found during the ten- 
year pollen monitoring conducted in Sosnowiec. The 
concentration of wild grass and corn pollen was joint­
ly monitored over all the years of study. With regard 
to corn, only rye pollen was found in small quantities.
Grass pollen in the air of Sosnowiec was noticed 
from late April to the end of September. The average 
duration of the pollen season over a period of ten years 
amounted to 138 days. The longest pollen seasons, 
which lasted 154 days, were recorded in 1998 and 2001, 
the shortest pollen season, which lasted 123 days, was 
noted in 2003 (Tab. 1).
During the decade discussed, the grass pollen 
season was recorded earliest on 23 April in 1999 and 
2000, and latest in 1997 - as late as 23 May. In 2005 and 
2006, it was recorded in mid May and in the remain­
ing years - in early May (Tab. 1). The beginnings of 
the pollen seasons differed by one to thirty days. The 
weather conditions, particularly temperature, sunshine 
and relative humidity, influenced the beginning of the 
grass pollen season. A positive correlation was found 
with the average temperature of April and May and the 
maximum temperature of April. In 1999 and 2000, the 
high temperatures of April (14.8°C - 20.3°C) and May 
(15.5°C - 21.4°C) resulted in earlier vegetation of grass 
and the presence of pollen in the atmosphere (Fig. 1). 
The average temperatures of April and May in 1997 
were 10°C and 13.7°C - the pollen season was recorded 
latest in the years discussed.
Over the period of ten years, the grass pollen 
concentration dynamics showed some differences (Figs 
1-3). One can distinguish a few growth stages of the 
pollen concentration by the analysis of the course of 
grass pollination in particular years. In 1999, 2000 and 
2002, the first growth stage with a medium and high 
pollen concentration was recorded as early as the first 
half of May. In the remaining years, it was recorded in 
the second half of May with the exception of 1998. The 
next distinct concentration increase was observed in 
June and July, when the highest concentrations during 
twenty-four hours were recorded. The maximum daily 
grass pollen concentrations were recorded in 1997 and 
2000-2003 between 5 and 15 June, in 1999 and 2004­
2006 in the first half of July, and in 1998 not until late 
July (Figs 1-3). In the period of maximum grass pol­
lination, there were days characterized by low pollen 
concentration values, which was caused by a few days' 
heavy rainfall. It brought about a halt or delay in grass 
flowering by a few days. Since the middle of July, the 
grass pollen concentration gradually decreased, reach­
ing medium and low values. The high pollen concentra­
tion lasted longest in 2005 - until 2 August - as well 
as in 1998, 2004 and 2006 until the end of July (Figs 
1-3). The differences in the periods of maximum con­
centrations were caused by the weather conditions in the 
study years, particularly by rainfall, relative humidity 
and a temperature drop.
Table 1
Characteristics of grass (Poaceae) pollen seasons in Sosnowiec, 1997-2006.
Year
Length of pollen season
Maximum of pollen
grains x m-3 x 24h
Date of maximum 
concentration
Annual 
totalPeriod Days
1998 23.05. - 1.10. 131 211 11.06. 5155
1997 9.05. - 10.10. 154 101 22.07. 1770
1999 23.04. - 20.09. 149 316 4.07. 4145
2000 23.04. - 9.09. 139 495 22.06. 6451
2001 9.05. - 10.10. 154 136 6.06. 3257
2002 3.05. - 6.09. 126 328 5.06. 6504
2003 8.05. - 8.09. 123 146 15.06. 5019
2004 9.05. - 15.09. 129 257 8.07. 5156
2005 16.05. - 19.09. 126 281 3.07. 4525
2006 12.05. - 4.10. 145 259 2.07. 4168
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Fig. 1. Seasonal variation in grass pollen concentrations in Sosnowiec in relation to selected weather factors.
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Fig. 2. Seasonal variation in grass pollen concentrations in Sosnowiec in relation to selected weather factors.
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Fig. 3. Seasonal variation in grass pollen concentrations in Sosnowiec in relation to selected weather factors.
Poaceae
Fig. 4. Annual totals of grass pollen in Sosnowiec in 1997 - 2006.
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The highest glass pollen seasonal maximum was 
recorded in 2000 (495 grains in m3), the lowest in 1998 
(101 grains in m3). The highest annual sums were record­
ed in 2002 and 2000. the lowest annual sum was recorded 
in 1998 (Tab. 1). The annual sums did not differ signifi­
cantly, with the exception of 2001 and 1998 (Fig. 4). In 
these years, the stuns were twofold and fourfold lower 
than in the remaining years. 1998 and 2001 were charac­
terized by the longest pollen season, but the lowest annual 
sums and the lowest concentrations during twenty-four 
horns over the ten years discussed. It was found that tem­
perature and sunshine influenced the level of the average 
daily concentration. The concentration increased together 
with a rise in temperature and sunshine, and it decreased 
together with a rise in relative humidity.
Grass pollen in the atmosphere of Sosnowiec was 
found twenty-four hours a day. The graph of diurnal 
curves was irregular and with many peaks. The high­
est pollen concentrations during twenty-four hours (ten 
years’ average) were recorded between 7 am - 11 am, 
1 pm - 5 pm and 7 pm - 9 pm. A distinct decrease was 
observed between 11 pm - 1 am and 4 am - 5 am - then 
the presence of pollen in the air was the lowest. In the 
study years, there were differences in the occurrence of 
maximum concentrations during twenty-four hours, but 
they fell into the periods listed above. In 1997, the high­
est concentration was found at 7 pm, in 1998 - at 2 pm 
and 11 pm. in 1999, 2005 and 2006 - between 7 am - 8 
am (Fig. 5).
Fig. 5. Average diurnal periodicity of grass pollen concentrations in 1997-2006.
DISCUSSION
Grass pollen seasons are characterized by their 
long duration. The main period of glass pollination in 
Central Europe lasts from the second half of May to the 
middle of July, in Northern Europe from the second half 
of June to August, in Southern Europe and the Medi­
terranean Region from March to June (Ross-Codi- 
nachs etal. 1992; Syrigou et al. 2003).
During the ten years discussed, the period of ma­
ximum grass pollen concentrations in Sosnowiec was 
recorded from early June to the end of July, like in other 
Polish cities (K a s p r z y k, 1996, 2006; Rapiejko et 
al. 2003; Pu c and Pu c, 2004; Weryszko-Chmie- 
lewska and Piotro wska, 2004; Myszkow- 
s k a, 2006; Piotrowska, 2006; S t a c h, 2006;). 
In 2000, the earlier beginning of the pollen season and 
the earlier grass seasonal maximum were recorded all 
over Poland (Rapiejko et al. 2004b). In Sosnowiec, 
the extreme values of annual sums differed 3.6-fold and 
of daily concentrations - 5-fold. A big contribution of 
glass pollen was recorded in Rzeszów (Kasprzyk, 
2006), Lublin (Piotrowska, 2006; Weryszko- 
Chmielewska and Piotrowska, 2006), Szcze­
cin (P u c and P u c , 2004) and Poznań (Stach, 2006). 
The levels of annual sums and average daily concentra­
tions were several times higher than in Sosnowiec. The 
lowest values of annual sums and daily concentrations 
were recorded in Kraków (Myszkowska, 2006). 
The similar values of annual sums and daily concentra­
tion levels were found in Western Europe (S p i e k s - 
m a et al. 2003; Lipiec et al. 2006).
Grasses include a lot of species and open their 
anthers at different times of the day, usually between 3 
am and 8 pm (Jones and Stillwater, 1952). Pol­
len floats in the air due to the wind and the turbulence 
of air masses, and it can be present for a long time after 
the closing of anthers (N o r r i s - H i 11 and Ember-
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lin, 1991). There were differences between successive 
years with regard to the variation of the pollen concen­
tration daily curve in Sosnowiec. A rapid increase in the 
pollen concentration was recorded from 7 am to 9 pm. 
The daily curves in Sosnowiec differ with regard to the 
occurrence of maximum concentrations when compared 
with Poznań (S t a c h, 1997; G o l i ń s k a, 2006), Rabka 
(Kasprzyk etal. 2001), Gdańsk (L a t a ł o w a and 
Góra, 1995) and Lublin (P i o t r o w s k a, 2005). 
However, one can notice that one peak of pollination 
occurs in the morning and the second peak in the after­
noon. The weather conditions (temperature, precipita­
tion, humidity) and also the local factors (urbanization) 
significantly influence these regional differences.
It has been found that the average and maximum 
temperature and relative humidity have a considerable 
impact on the beginning and duration of the pollen se­
ason and on the level of maximum daily concentrations. 
The high temperatures of April and May speed up the 
grass pollen season beginning and the period of the oc­
currence of maximum concentrations.
CONCLUSION
1. The average duration of the grass pollen season 
over a period of ten years amounted to 138 days. Dur­
ing the decade discussed, the grass pollen season was 
noticed earliest on 23 April in 1999 and 2000, and latest 
on 23 May 1997.
2. The weather conditions, particularly tempera­
ture, sunshine and relative humidity influenced the 
beginning of the grass pollen season. A positive 
correlation was found with the average temperature 
of April and May and the maximum temperature 
of April.
3. The period of the maximum concentrations was 
recorded in June and the first half of July.
4. The highest pollen concentrations during twenty­
-four hours (ten years' average) were recorded between 
7 am - 11 am, 1 pm - 5 pm and 7 pm - 9 pm.
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Pyłek traw (Poaceae) w powietrzu Sosnowca 
w latach 1997-2006
Streszczenie
Praca przedstawia wyniki analizy sezonów py­
lenia traw w latach 1997-2006 w Sosnowcu. Badania 
prowadzono metodą wolumetryczną aparatem typu 
Burkard. Długość sezonów pyłkowych wyznaczono 
metodą 98%. W pracy oceniono wpływ warunków me­
teorologicznych na termin rozpoczęcia i długość sezo­
nów pyłkowych traw. Początek sezonów pyłkowych 
rejestrowano między 23.04-23.05. Wykazano że śred­
nia długość sezonu pyłkowego wynosiła 138 dni. Naj­
wyższe stężenie dobowe stwierdzono w 2000 roku (495 
ziarn w m3), najwyższe sumy roczne w 2002 i 2000 
roku. Okres maksymalnych stężeń notowano w czerw­
cu i pierwszej połowie lipca. Badania rytmiki dobowej 
pyłku traw wykazały najwyższe wartości pomiędzy 
7oo-11oo, 13oo-17oo i 19oo-21oo.
